Nowadays the amount of distributed generation units is increasing rapidly. At this moment in the Netherland small combined heat and power (CHP) plants are most dominant. All CHP-plants are equipped with undervoltage protections which switch-off the CHP-plants at a dip of 0.8 p.u. with a duration of 100-200 ms. In this paper the voltage dip propagation of two existing distribution grid structures are compared. With the aid of simulations per grid structure it is determined what amount of CHP-plants disconnects during a voltage dip because of these settings.
INTRODUCTION
In the Netherlands authorities have designated rural areas where horticultural activities can be developed. In these areas greenhouses are built and each greenhouse might contain a Combined Heat and Power plant (CHP-plant). The CHP-plant produces heat and CO 2 which is used in the greenhouse and the electricity is sold to the market. Because of the clustering of horticultural activities the CHP-plants are clustered as well which lead to a high penetration level of CHP-plants in the local Medium Voltage grid (MV-grid). In the Dutch grid code no faultride through requirements are implemented for generation units smaller than 5 MW so small CHP-units will disconnect at a voltage level of 0.8 pu if this level is exceeded for a certain time period.
PROBLEM DEFINITION
Fault ride through requirements become standard for wind farms connected to the transmission grid. Smaller wind parks connected to the distribution grid are still exempted because they are spread out over the area. Due to the concentration of CHP-plants it should be investigated how to handle the CHP-plants during and after a disturbance. An important question is how large the amount of generation can be, that will be disconnected in case of a fault in the transmission or distribution grid. Whether or not a plant will be disconnected, will depend on the depth of the voltage dip in combination with the settings of the under-voltage protection. The aim of this paper is to study in which case in practice the CHP-plants will be disconnected. This will be examined for two existing (and rather different) MVgrid structures having a large penetration of CHP-plants. The paper ends for each grid structure with a recommendation for the protection settings including the coordination with the under-voltage protection.
EXAMINED NETWORKS Distribution grid
In this paper two existing distribution grid structures of the respective grid operators Stedin and Enexis are considered. Both grid structures are built in a horticultural area where CHP-plants are connected to. The considered Stedin network consists of a 10 kV MVnetwork which is connected to a 25 kV sub-transmission grid. The sub-transmission grid is via 150/25 kV transformers connected the 150 kV transmission grid. An overview of the grid is depicted in figure 1 . Substation 26 is equipped with a coupling breaker that can split the substation to reduce the fault level of the distribution grid in the horticultural area. The data of the loads and the CHPs is given in table 1. grid. The distribution network of Enexis is depicted in figure 2 and the data of the loads and CHPs is given in table 2. In both MV-grids radial feeders are connected to the MV-substations. To these feeders, local load and CHP-plants are connected. For convenience these feeders are not shown in detail. The total load in the distribution network of Stedin is much larger than the load in the distribution network of Enexis. However, in the analysis done in this paper this difference is of no importance. 
Figure 2 Overview of the Enexis distribution grid
To compare the results of both grid structures two models are set up. In each model the same transmission grid is assumed. Both distribution networks are connected to the 150 kV substation Sub 23 of that grid. 
Transmission grid
Transmission systems normally have a ring or meshed grid structure hence faults in these systems cause voltage dips which spread out over a large area [1] . Therefore in a dip analysis the transmission system has to be taken into account. In this work an existing transmission grid of the province of Zuid Holland in the Netherlands is used. The transmission system consists of a 150 kV grid which is connected to the national 380 kV transmission grid at three locations. From the 150 kV nodes the subtransmission and distribution grids are fed. Large generators are connected to the transmission grid. In figure 3 the transmission system of the province of Zuid Holland is depicted. Figure 3 Transmission system of the province of Zuid Holland, the Netherlands 
VOLTAGE DIP ANALYSIS

CASE STUDIES
The voltage dip analysis, as described in the previous section, is applied to both distribution grids. For three cases voltage dip profiles are determined. 
In (1) is the total number of dips per year with a value for the remaining voltage smaller than 0.8 p.u., i is the total number of dips per interval and i is interval index. For the various cases the value of is compared.
RESULTS
The results of the case studies are presented with the aid of histograms. For each case the voltage dip profiles are shown in two ways: 
Enexis-case
For the Enexis-case for busbar 26 the voltage dip profile with respect to faults per voltage level is shown in figure  4 and with respect to the fault type in figure 5 . Most severe dips are caused by three phase faults in the 10 kV distribution grid. Voltage dips with a value larger than 0.6 p.u. are mainly originated from transmission grid disturbances. In figure 5 it can be seen that these dips are also mostly caused by single phase-to-ground faults. 
Stedin case Closed Coupling Breaker
By closing the coupling breaker the complete 25 kV subtransmission grid has its influence. In figure 8 and 9 the results are presented. It can be seen that the number of dips due to the 25 kV grid increases. Besides that the number of dips due to faults in the transmission system increases as well. Because of the closed coupling breaker the 150/25 kV transformers are operated in parallel. In table 3 it is shown that the majority of dips are caused by disturbances in the transmission system. For the Enexis-case the number of dips per year in the grid is larger than in the Stedin-cases. This has to do with the difference of total feeder length of the Enexis distribution grid and the Stedin distribution grid.
Dip Duration
In general the duration of the voltage dip is determined by the fault-clearing time of the protection scheme. The fault-clearing time is strongly related with the type of protection applied. The transmission system considered in this paper is protected by distance and differential protection. The differential protection scheme has a faultclearing time of 90-120 ms. That also stands for the distance protection when the fault is cleared in zone 1. In this paper only faults in zone 1 are considered. The subtransmission and the distribution grid are protected by over-current relays. The fault-clearing time of faults in the 25 kV grid is 300 ms while faults in the 10 kV distribution grid are cleared in 900 ms. Selectivity is obtained by differentiation in pick-up current and implementing appropriate delay times. 
CONCLUSIONS
In this paper voltage dip propagation in two existing distribution grids including CHP-plants is discussed. In general it can be concluded that the way the distribution grid is connected to the transmission grid strongly determines what number of voltage dips are noticeable in the distribution grid. This is illustrated with the simulations of the Stedin-case with a closed coupling breaker in stead of an open breaker. The Enexis-case and the Stedin-case with open breaker are more or less comparable and show that for the Enexis-case the number of dips originated from the transmission grid disturbances is higher than in the Stedin-case. This is because of the extra impedance added by the sub-transmission grid. The application of a sub-transmission grid leads not to a significant difference in number of dips per year. This might differ for sub-transmission grids with a longer feeder length. For all cases the majority of disconnections of CHP-plants can be prevented by setting the undervoltage protection at a reaction time of 200 ms.
